During inspection of 21 frozen breaded raw shrimp processors, 861 finished product units (retail packages) and 778 line samples were collected and analyzed bacteriologically. The bacteriological results for the finished product samples collected in plants with poor and good sanitary controls are presented and compared. The samples consisted of 4 to 38 units (retail packages) of the finished product as offered for sale by the processors. Frozen raw breaded shrimp collected from plants operating under good conditions of sanitation had the following bacterial contents: 85 % ofthe samples had an average (geometric) aerobic plate count of less than 1,000,000 per gram; all of the samples had an average (geometric) most probable number of less than 1,000 coliforms per g; 81% of the samples contained less than 20% Escherichia coli-positive units; 57% of the total number of units in 0.1-g portions were negative for coagulase-positive staphylococci, and 95% of the units had less than 1,000 coagulase-positive staphylococci per gram.
Since 1958, the U.S. Food and Drug Administration (FDA), in cooperation with the Association of Food and Drug Officials of the United States (AFDOUS), has been conducting a bacteriological survey of the frozen foods industry.
A report of the results obtained from this survey, covering the period from March 1958 to June 1959, was issued in 1960 (5) . The first of the present series of papers, supplementing the 1960 report, presented the results from a survey of producers of frozen cream-type pies (6) . In this paper, the second of the series, we are reporting the phase of the survey which concerns frozen breaded raw shrimp.
To prepare shrimp for breading, headless frozen shrimp are thawed, peeled, deveined, and washed. Firms that are located in coastal areas frequently use iced shrimp when available from fishing vessels. The peeled and deveined shrimp are spread out by hand on a belt which conveys them through liquid batter and through a heavy sprinkling of a dry breading material. The batter and breading procedure is repeated until the breading approximates 50% or more of the total weight of the product. Finally, the breaded shrimp are either hand-packed in cartons for freezing or are placed on trays for overnight freezing prior to packaging.
MATERIALS AND METHODS
Collection of samples. A two-man team, comprised of a bacteriologist and an inspector, conducted official inspections of the plants. During each inspection, line samples of the product during various stages of production, samples of all ingredients, and units (retail packages) of the finished frozen breaded shrimp were collected aseptically. When available, retail package units of breaded shrimp produced on a date prior to the inspection were collected from the plant's freezer. Immediately upon collection, all of these various types of samples were assembled and stored in the plant's freezer. After the inspection was finished, the samples were transported under Dry Ice to the laboratory. In general, analysis was begun 2 weeks from the date of collection.
A total of 861 finished product units and 778 line samples were collected from 21 producers of breaded shrimp in eight states.
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34,000,000 3,000,000 3,200,000 1,400,000 The aerobic plate count of the shrimp just after thawing was 690,000/g; it increased to 2,600,000/ g after the peeling-deveining process. The freshly mixed liquid batter had a count of 36,000/g, whereas liquid batter in use for 3 hr had a count of 18,000,000/g. Coagulase-positive staphylococci, in 0.1-g portions, were recovered from 3 of 15 line samples, whereas they were recovered from 17 of 33 finished product units, with 5 of these 17 samples containing staphylococci in 0.0001-g portions.
Lines 4 and 5 represent a subsequent inspection of Plant A. Conditions in the plant had improved vastly. New equipment had been purchased, the floor was repaired, and hand-washing and handsanitizing facilities were installed. All equipment was cleaned routinely, and the liquid batter was discarded every 2 hr. However, rather than being thawed in a cooler overnight or in flowing tap water for a few hours, the cartons of frozen shrimp were scattered directly on the floor, were thawed at room temperature overnight, and were transferred directly from the floor to the peelingdeveining tables. In addition, no ice was available to chill the piles of shrimp during the peelingdeveining operation. The frozen shrimp had an aerobic plate count of 68,000/g with neither E. coli nor staphylococci, whereas thawed shrimp collected toward the end of the peeling-deveining period had a count of 5,000,000/g and were positive for both E. coli and staphylococci. Thus, the mishandling of shrimp in the initial step of processing negated the firm's program of sanitation.
Plant B operated under very poor conditions of sanitation. The restrooms were not equipped with soap and hot water. A hand-sanitizing solution installed at the entrance to the processing area was rarely utilized. The clean-up procedure was grossly inadequate, consisting of hosing or flushing the equipment and utensils with cold water. The liquid batter system in the breading machine contained stagnant dirty water prior to the beginning of operations. A full day's supply of liquid batter was kept in a tank at 75 F (23.9 C). When the production flow was too rapid for the breading operation, peeled-deveined shrimp were kept uniced in buckets for periods up to 2 hr. The shrimp were not washed before or after peelingdevemiing.
Iced shrimp as purchased by the firm had a plate count of 4,800,000/g, but was negative for staphylococci. Shrimp collected after peeling-deveining had a count of 8,000,000/g and contained staphylococci in 0.0001-g portions. Liquid batter collected 6 hr after preparation had a plate count of 9,500,000/p, had more than 1,100 E. coli cells per g, and contained staphylococci. The majority of the 90 finished breaded shrimp units collected at this plant (lines 6 to 9, Table 1 ) contained staphylococci and E. coli; there were more than 10,000 staphylococci/g in 34 of the units.
The management of Plant C exhibited little, if any, conception of sanitation. The plant equipment was "cleaned" occasionally by a stream of cold water. Hand-washing and hand-sanitizing facilities were not available in the processing areas so that the employees constantly used the same rag to wipe utensils, table tops, and their hands. The liquid batter in the breading machine was not changed once during the workday. Peeled-deveined shrimp were left uniced for more than 2 hr before being breaded, and breaded shrimp remained at room temperature at least 3 hr before being placed in the freezer.
The shrimp purchased by this firm had an aerobic plate count of 200,000/g and were negative for staphylococci, but after peeling-deveining, they had a count of 4,800,000/g and contained staphylococci. Freshly prepared liquid batter had a plate count of 350,000/g with no staphylococci, but 6 hr later it had a count of 2,600,000/g and contained staphylococci.
Lines 10 to 14 of Thawed shrimp had an aerobic plate count of 720,000/g and contained staphylococci in 0.1-g portions, whereas peeled-deveined shrimp had a count of 3,800,000/g and staphylococci in 0.01-g portions. Liquid batter collected a few hours after its preparation had a count of 4,800,000/g and contained staphylococci in 0.001-g portions.
In Plant E, cartons of frozen shrimp were placed on the floor to thaw overnight at room temperature, and the resulting puddles of water emitted a foul odor. The thawed shrimp were placed in cracked and bent metal tubs, which were dragged across the floor and emptied on the peeling-deveining tables so that floor filth dripped on the tables and on the shrimp. Some of the packs of finished breaded shrimp remained at room temperature for 5 hr before being placed in the freezer.
Peeled-deveined shrimp had a plate count of 200,000,000/g, and the uniced liquid batter had a plate count of 40,000,000/g. Inspection of Plant F disclosed similar insanitary practices. The shrimp were not washed after peeling-deveining; a full day's supply of liquid batter was prepared in a visibly dirty tank. All the employees shifted between duties of peelingdeveining shrimp, of placing shrimp on the breading machines, and of packing the breaded shrimp without washing their hands. Sanitizing solutions were not used in this plant.
The frozen shrimp as received by the firm had a plate count of 2,000,000/g, but was negative for E. coli. All units of shrimp after handling by the employees were contaminated with E. coli.
Housekeeping was very lax in Plant G; overhead wiring, pipes, and light fixtures were covered with dirt; trays and racks were caked with old food debris; and utensils, cartons, etc., were tossed atop a plate freezer. There was no soap and toweling in the restrooms, and no hand-washing station in the processing area. The equipment was not cleaned thoroughly, and the liquid batter was not iced. The conveyor belt of the packaging line had a strong yeasty odor. There was mold growth on a cloth wrapped around a section of the breading recirculating system. Live mites and pupa cases with maggot hooks were found in the breading material.
The frozen peeled shrimp used by the firm had a plate count of 600,000/g and contained staphylococci in 0.1-g portions, but was negative for E. coli. Since the small peeled shrimp were thawed in cold flowing water for 2 hr and were merely split lengthwise prior to breading, the shrimp showed no significant increase in counts just prior to breading. Freshly mixed liquid batter had a plate count of 16,000/g, whereas liquid batter used a few hours had a count of 1,800,000/g. Lines 24 to 29 of Table 1 represent three inspections of this firm. In general, the same conditions of insanitation existed during each inspection.
The officers of Plant H, and thus the employees, exhibited little concern about sanitation. There was no hot water in the restrooms and there were no hand-washing or hand-sanitizing facilities in the processing areas; the employees used rags to wipe their hands and then the equipment; the liquid batter was neither changed nor chilled throughout the workday. Cartons of thawed shrimp were slammed directly on the floor to open them quickly.
The frozen shrimp purchased by Plant H had a plate count of 30,000/g and were negative for coliforms and staphylococci. Thawed shrimp had a count of 1,700,000/g; peeled-deveined shrimp had a count of 4,000,000/g and staphylococci were present in 0.01-g portions.
In Plant J, the shrimp were grossly mishandled prior to the breading operation. The day's supply of thawed shrimp was stored in wooden boxes, and a thin layer of ice was sprinkled atop the shrimp. The boxes were held directly on the wet, dirty floor until filled with shrimp, whereupon they were stacked so that melting ice and floor filth dripped on the shrimp below. Some of the shrimp remained stored in this manner for 6 hr before being processed.
Although hand-washing and hand-sanitizing facilities were available, the employees were extremely lax in using the facilities.
This firm kept the liquid batter well iced at all times-a fact which well illustrates "too little, too late."
The frozen shrimp purchased by Plant J had a plate count of 200,000/g, and thawed shrimp before peeling-deveining had a count of 12,000,000/g. were thawed for only a few hours in cold flowing water and were washed in flowing water before and after peeling-deveining. They were handled expeditiously. The liquid batter was kept cold and was discarded during each clean-up period; and the employees used the hand-washing and handsanitizing facilities made available to them in the processing areas.
Even in these firms, however, there was room for improvement in the thoroughness of washing shrimp and in the frequency of hand-washing and hand-sanitizing. Lines 1 to 3 represent two inspections of Plant 0. The shrimp purchased by the firm had plate counts of 700,000/g. Staphylococci, although in small amounts, did appear in the shrimp as a result of peeling-deveining.
The frozen shrimp purchased by Plant P had aerobic plate counts of almost 1,000,000/g and contained staphylococci in 0.1-g portions. E. coli appeared in some units of the breaded shrimp after the hand-packaging operation.
Plant Q was a small firm, but, unlike Plant M (a small firm listed in Table 1 ), the shrimp were handled properly. At this plant, an automatic chlorination system supplied water at 100 ppm of free available chlorine for the final rinsing of all equipment and utensils.
The breaded shrimp collected at Plant R (line 10 of Table 2 ) reflect the hygienic improvements adopted by this firm as a result of previous FDA inspectional activities. The frozen shrimp purchased by this firm had plate counts of 2,000,000/g. Coagulase-positive staphylococci (in 0.1-g portions) and E. coli appeared in the finished product during the hand-packaging operation.
A batch of iced shrimp purchased by Plant S had a plate count of more than 3,000,000/g. Low levels of staphylococci appeared in the shrimp as a result of peeling-deveining.
During the four inspections represented by lines 15 to 18 of Table 2 , Plant T maintained a consistently high level of sanitation. The E. coli found in the finished products of lines 15 and 16 were introduced by the whole eggs which were used in the liquid batter. During the inspection represented by line 18, the frozen shrimp purchased by this firm had plate counts of 13,000,000/g before thawing.
Plant U occasionally stored thawed shrimp in cooler tubs overnight so that some increase in bacterial count resulted. Nevertheless, the finished product had significantly lower counts than the shrimp prior to processing. The order of magnitude as in the frozen shrimp purchased by this firm.
The shrimp purchased by Plant V were of very poor bacteriological quality; two samples had plate counts over 20,000,000/g, and one sample had staphylococci in 0.0001-g portions. However, the sound program of sanitation followed by this firm resulted in a finished product of lower bacterial content than the original "raw" ingredient.
The results, as presented in Tables 1 and 2 , of the bacteriological analyses of frozen raw breaded shrimp collected during inspections of these processing firms can be evaluated as follows. The geometric mean of the aerobic plate counts exceeded 1,000,000/g in 46 Of the 564 individual breaded shrimp units in Table 1 , 317 (56.2%) contained coagulase-positive staphylococci, as did 128 (43.1 %) of the 297 units in Table 2 . Thus, staphylococci were isolated from roughly 50% of the shrimp when produced under either good or poor sanitary conditions. However, Table 3 shows that 33.7% of the units in Table 1 which contained staphylococci had 1,000 or more per g while only 10.2% of the staphylococcus-positive units in produced under poor sanitary conditions, 20% had 1,000 or more staphylococci per g, whereas only 5% of all the units produced under good sanitary conditions had 1,000 or more staphylococci per g. E. coli was isolated from 235 (41.7%) of the individual breaded shrimp units in Table 1 , but from only 25 (8.4%) of the units in Table 2 . Of the 49 samples in Table 1 , 31 contained E. coli in one or more units; only 9 of the 27 samples in Table 2 had units positive for E. coli, and only 5 of these had more than 20% E. coli-positive units.
All samples of breaded shrimp in both tables were positive for coliforms because all of the line samples of batter material and most of the line samples of shrimp purchased by the processing firms were coliform-positive. However, 26.5% of the samples in Table 1 had an average MPN of 1 ,000 or more coliforms per g, and 42.9 % had more than 500/g. In contrast, none of the samples in Table 2 had an average MPN of 1,000 or more coliforms per gram, and only 11.1 % had more than 500/g. DIscussIoN Liston (4), in a brief summary of various studies relating to sanitation in the seafood industry, showed that liquid batter is a good growth medium for bacteria. The following results, representing line samples collected from 21 plants under conditions of actual use, confirm his observations.
We collected 35 line samples of the dry batter mix (which consisted of flour, seasoning, nonfat dry milk powder, and dried eggs), and they contained low levels of bacteria. The plate counts ranged from 1,000 to 60,000/g; three samples contained low levels of staphylocci, and all were coliform-positive but E. coli-negative. Of 40 samples of liquid batter (an aqueous suspension of the dry batter mix) which were collected at intervals from firms that kept the liquid batter chilled and that discarded it at least once during the work period, none had highly significant increases in bacterial content. The plate counts ranged from 5,000 to 500,000/g; four samples contained staphylococci, and all were coliformpositive, but only two contained E. coli. Significantly higher bacterial counts occurred for 39 liquid batter samples collected at intervals from firms that did not chill nor discard the liquid batter. Of these 39 samples, 30 had plate counts over 1,000,000/g, 10 contained staphylococci, all were coliform-positive, and 15 contained E. coli.
Green (2) determined that bacterial counts of thoroughly washed headless shrimp under iced storage aboard a fishing vessel increased steadily during 7 to 10 days of storage from initial counts of 7,400/g to 1,000,000/g. She reported that thorough washing of shrimp, removing the surface slime and adhering debris, reduced the counts by 40%. She also (3) found that almost 50% of freshly caught, iced shrimp on board fishing vessels contained coliforms, but that E. coli was rarely encountered. Williams et al. (7) reported that high counts were obtained when even a small amount of mud was carried by shrimp, and that, accordingly, the number of bacteria in freshly caught shrimp depended on the amount of washing the shrimp received.
During this survey, 43 samples of headless shrimp were collected. The shrimp were examined organoleptically during the plant inspections for evidence of decomposition and were classified as passable. The bacteriological quality of the shrimp purchased by the firms listed in Table 1 was essentially the same as that of the shrimp purchased hy the firms listed in Samples of breading material showed that, when the liquid batter was mishandled, the bacterial levels of the breading increased as the liquid batter conveyed by the shrimp mingled with the breading; when the liquid batter was maintained properly, the bacterial level of the breading remained low. In all cases, however, breading material collected at intervals from the breading machines in the processing firms contained lower levels of bacteria than corresponding liquid batter and shrimp samples. Thus, the breading, rather than contributing to the bacterial content of breaded shrimp, tended to reduce the bacterial load of the product. Nevertheless, the breading should be discarded at intervals to prevent an increase in moisture content (whereupon bacterial growth may be supported) and to avoid insect infestation.
Only three ingredients-shrimp, liquid batter, and breading-are required to produce raw breaded shrimp. Since, as previously discussed, shrimp and liquid batter afford excellent media for bacterial multiplication, breaded shrimp processors must maintain good sanitary controls. Proper and expeditious handling of the product, clean and sanitized equipment, and adequate refrigeration of the shrimp and liquid batter during the processing period are necessary. The employees must be trained to wash and sanitize their hands routinely, because of the extensive handling of shrimp during peeling-deveining, at the entry to the breading machine, and during packaging.
Since thorough washing removes significant numbers of bacteria from headless shrimp, and since the processor adds breading (which has a relatively low bacterial content) in quantities approximating the weight of the shrimp, it seems most reasonable to expect breaded shrimp to have lighter bacterial loads than the shrimp purchased by the processor. This survey does show that "good" plants consistently produced breaded shrimp with bacterial loads lower than the original shrimp, whereas, in contrast, breaded shrimp produced under poor sanitary conditions had higher levels of bacteria than the original shrimp entering the plant.
Obviously, the bacteriological quality of the original shrimp has some bearing on the bacteriological quality of the finished product. Thus, in breaded shrimp plants (as in any food processing plant), the bacteriological quality of finished products, with respect to plant sanitation, can best be evaluated by the collection of line samples coupled with inspection. Nevertheless, because of the broad scope of this survey and the appreciable numbers of samples examined, it is felt that the conclusions regarding the bacteriological quality of breaded shrimp produced under poor and good sanitary conditions are valid.
During the early days of this survey, few firms were knowledgable about sanitation. The situation has improved since then, as shown by the fact that the majority of the sanitation-conscious firms listed in Table 2 previously had serious hygienic deficiencies. Data in this regard are not included in this survey, but they are typical of the results presented in Table 1 . Furthermore, recent inspections conducted without sample collection have disclosed improved conditions in many of the firms of Table 1 . There is good reason to believe the industry will continue to improve, because of its growing realization of the need for sanitary controls, because of some regulatory actions by governmental agencies, and because of the increasing number of firms subscribing to voluntary inspectional services.
Sanitary conditions in firms that process breaded shrimp were reflected in the bacterial content of the finished product. In general, breaded shrimp collected in firms which mishandled shrimp and liquid batter and which were lax in the cleaning of equipment contained higher levels of microorganisms than breaded shrimp collected in firms which maintained a good program of sanitation.
A few of the breaded shrimp samples collected from firms operating under apparently good sanitary conditions were of poor bacteriological quality. In most of these cases, the source of contamination could be determined by inspection and the bacteriological results of samples collected along the processing line. Thus, bacteriological findings-though in themselves a good measure of the conditions of cleanliness under which food had been produced-can best be evaluated in conjunction with inspection.
This survey revealed that all of the breaded shrimp samples (consisting of finished product units) collected from plants operating under good conditions of sanitation had an average (geometric) MPN of less than 1,000 coliforms per g, and that 85 % had an average (geometric) aerobic plate count of less than 1,000,000/g. In 81% of the samples, E. coli was absent from 80% of the units (in 0.1-g portions). Finally, 57% of the units were negative for coagulase-positive staphylococci in 0.1-g portions, and 95% had less than 1,000 coagulase-positive staphylococci per g.
